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ABSTRACT 

This  is  the  fifth  of  a  series  of  reports  on  the  protection  of  mooring  buoys. 
Fourteen  test  buoys  were  given  their  fourth  rating  for  extent  of  coating  deterioration, 
corrosion  of  steel,  and  fouling.  A  fifteenth  buoy  had  been  removed  from  test  at  the 
time  of  the  fourth  inspection  because  of  its  advanced  deterioration.  The  coating 
systems  on  ejg ht^f  thp  buoys  were  in  good  condition  and  the  six  other  coating  systems 
showed  varying  degrees  of  moderate  deterioration.  Two  sets  of  thirteen  test  panels 
coated  with  the  different  coating  systems  used  on  the  buoys  were  given  their  thira 
rating  inspection  after  18  months  of  exposure.  One  set  was  exposed  in  San  Diego  Bay 
and  the  other  in  Port  Hueneme  Harbor.  The  condition  of  the  coating  system*  on 
Port  Hueneme  test  panels  showed  a  general  correlation  with  those  on  San  Diego  test 
panels  and  buoys.  In  addition  to  environmental  deterioration  on  buoys  and  test 
panels,  the  buoys  were  abraded  by  mooring  naval  vessels.  The  galvanic  corrosion  of 
rivet  heads  observed  on  most  of  the  Mark  I  buoys  during  the  last  inspection  had  not 
worsened  to  any  significant  extent.  On  those  buoys  with  an  anti  fouling  coat,  very 
little  antif  'ling  protection  remained  after  20  months,  but  on  the  test  panels  two 
antifouling  coatings  were  still  retarding  fouling  after  18  months. 

Three  of  the  test  buoys  were  cathodically  protected  with  a  system  using  a 
sacrificial  magnesium  anode,  a  control  head,  and  a  remote  ground  cable.  Although 
the  potentials  produced  on  these  buoys  by  this  system  were  outside  of  the  range 
desired  for  complete  protection,  the  system  allowed  only  light  rusting  and  no  pitting. 
When  the  system  on  each  of  these  buoys  was  modified  by  replacing  the  magnesium 
anode  with  a  zinc  anode  united  directly  to  the  ground  cable,  potentials  reached  the 
desired  magnitude. 
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INTRODUCTION 


Because  the  presently  specified  coatings  fcr  mooring  buoys  have  performed 
unsatisfactorily,  the  Bureau  of  Yards  and  Docks  assigned  the  Naval  Civil  Engineering 
Laboratory  to  fi :,d  o.  develop  better  corrosion  protection  for  fleet  mooring  buoys. 

The  assignment  included  protective  coatings  and  cathodic  protection. 

A  field  test  program  was  initiated  in  San  Diego  with  fifteen  peg-top  riser-chain 
mooring  buoys  (Mark  I  or  Mark  II).  Thirteen  different  coating  systems  were  used,  and 
a  cathodic  protection  system  was  installed  on  one  buoy  of  each  of  three  pairs  used  in 
this  part  of  the  test  program.  The  results  of  the  program  are  published  in  a  series. 
Technical  Report  R-246,  ^  the  first  in  the  series,  described  the  application  of  pro¬ 
tective  coatings  and  the  installation  of  the  cathodic  protection  system.  Technical 
Report  R-258,2  the  second  in  this  series,  described  the  condition  of  buoys  and  coatings 
at  the  time  of  their  first  rating  inspection.  Technical  Report  p-291,3  the  third  in 
this  series,  described  their  condition  at  the  time  of  their  second  rating  inspection, 
and  the  condition  of  sets  of  steel  test  panels  coated  with  the  same  protective  coatings 
applied  to  the  buoys,  after  6  months  of  exposure  in  either  San  Diego  Bay  or 
Port  H  eneme  Harbor.  Technical  Report  R-314,^  described  the  condition  of  the  buoys 
at  the  time  of  their  third  rating  inspection  and  the  condition  of  the  Danels  after  1  year 
of  exposure.  This,  the  fifth  report,  describes  the  condition  of  the  buoys  at  the  time 
of  their  fourth  rating  inspection  and  the  condition  of  the  panels  after  18  months 
of  exposure. 


SERVICE  CONDITIONS 

Fifteen  test  mooring  buoys  were  placed  in  an  area  of  Norm  San  Diego  Bay  that 
receives  heavy  service  from  the  fleet.  Some  of  the  buoys  were  badly  damaged  by 
overriding  vessels  and  by  the  abrasion  of  mooring  lines  and  securing  assemblies. 

Because  it  was  necessary  to  place  the  test  buoys  in  service  a  few  at  a  time, 
and  because  there  were  long  delays  in  obtaining  acceptable  specification  coatings, 
the  test  buoys  were  placed  in  service  over  a  considerable  period  of  time.  One  set 
of  thirteen  panels  was  suspended  from  a  pier  in  San  Diego  Bay  and  the  other  from  a 
pier  in  Port  Hueneme  Harbor.  A  portion  of  each  pane  was  continually  submerged, 
another  portion  was  subject  to  tidal  change*,  and  a  third  portion  was  continually 
exposed  to  the  atmosphere.  The  panels  were  nor  exposed  to  their  harbor  environments 
at  the  same  time  as  the  buoys.  They  were  kept  in  storage  until  all  of  them  had  been 


coated,  and  then  were  all  placed  In  test  at  the  same  time,  rather  than  over  a  6-month 
period  as  were  the  buoys.  At  the  time  of  their  third  rating  (described  herein),  they 
had  been  exposed  tor  18  months. 


INSPECTION  PROCEDURE  | 

i 

Each  of  the  test  mooring  buoys  was  inspected  after  it  had  been  lifted  onto  the  \ 

deck  of  a  floating  crane.  The  amount  of  fouling  was  determined,  the  types  of  organ-  | 

isms  were  recorucu,  ana'  fouling  damage  to  the  coating  was  noted.  Two  independent  ! 

ratings  of  the  condition  of  each  buoy  and  its  protective  coating  system  were  made  ir.  , 

the  atmospheric,  splash,  and  submerged  zones.  After  the  fouling  was  examined,  the 
cone  and  splash  zon  of  each  buoy  were  washed  with  a  high-pressure  stream  of  sea 
water  to  remove  the  fouling  and  expose  any  coating  damage.  ! 

To  determine  the  amount  of  additional  potential  produced  on  cathodically 
protected  buoys,  electrical  potential  me  ,urem  nts  were  made  on  buoys  with  and  j 

without  cathodic  protection.  The  coating  deterioration  and  corrosion  damage  of  the 
three  cathodically  protected  buoys  was  compared  to  that  of  the  control  buoys. 

Two  independent  ratings  were  also  made  of  the  condition  of  the  coating  systems 
on  tl>*  steel  test  panels  exposed  :n  San  Diego  Bay  and  Port  Hueneme  Harbor.  Fouling  * 

organisms  were  carefully  remos ,'d  from  one  side  of  each  test  panel  with  o  wooden 
scraper  and  a  stiff  brush  befoi  2  rating  the  coating  condition  in  the  fouled  area.  ' 


RATING  CRITERIA 

As  far  os  possible,  the  methods  of  rating  the  coatings  on  buoys  and  test  panels 
were  those  published  by  the  American  Society  for  Testing  and  Materials. ^  These 
published  methods  define  the  conditions  rated  and  give  photographic  reference 
standards.  Thus,  chalking,  blistering,  checking,  crocking,  flaking,  erosion,  and 
rusting  were  rated  from  0  to  10  by  ADTM  methods  D -659-44,  D  -714-56,  D -660-44, 
0*661-44,  D-772-47,  D-662-44,  and  D-610-43,  respectively.  A  roting  of  10  usually 
describes  a  perfect  condition,  and  a  rating  of  0,  a  completely  deteriorated  condition. 
Blistering  frequency  was  rated  as  none  (N),  few  (F),  medium  (M),  medium  dense  (MD), 
or  dense  (D).  Surface  area  covered  by  fouling  (plant,  animal,  or  combined  fouling) 
was  rated  f-om  0  (100  percent  covered)  to  10  (0  percent  covered).  Color  of  the  top¬ 
coat  on  the  b  was  «lso  rated  from  0  to  10;  10  indicates  pure  white  with  no 
yellowing  <  r  1  discoloration  (except  rust  streaks  from  uncoated  bolts),  and  0 
indicates  a  color  unacceptable  to  the  U.  S.  Coast  Guard. 

Frequency  of  use  of  buoys  by  the  fleet  was  rated  as  light  (0  to  2  days  per  week), 
medium  (2  to  4  days  per  week),  or  heavy  (4  to  7  days  per  week).  Two  types  of  moor¬ 
ings  were  made  to  the  buoys.  Some  provide  bow  and  stem  moorings  only,  and  the 
rest  provide  either  bow  and  stern  or  free-swinging  moorings. 
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The  overall  condition  of  each  buoy  and  its  coating  system  was  rated  as 
excellent  (in  essentially  the  same  condition  o»  when  first  ploced  in  service);  good 
(very  minor  deterioration);  fair  (a  significant  amount  of  coating  deterioration  and/or 
rusting  but  still  in  serviceable  condition);  poor  (coating  deterioration  and  rusting 
serious  enough  to  lead  to  an  early  removal  from  service). 

The  coating  system  on  each  test  panel  was  given  an  overall  rating  from  0 
(minimum)  to  iO  (maximum)  depending  upon  both  the  condition  of  the  entire  coating 
system  and  the  protection  afforded  to  the  steel.  It  was  much  easier  to  rate  the  over¬ 
all  coating  conditions  on  the  panels  than  on  the  buoys  because  the  panels  were  not 
abraded  in  mooring  service. 


CONDITION  OF  BUOY  COATINGS 

Table  I  describes  eoch  coating  system.  The  overall  ratings  and  lengths  of 
service  of  buoy  coatings  are  summarized  in  Table  II.  The  proprietary  sources  of  the 
coatings  tested  are  listed  in  References  2  through  4.  Ratings  of  specific  conditions 
of  coated  test  buoys  are  given  in  Appendix 

Coat«ng  System  1:  Urethane 

The  buoy  with  Coating  System  1  bad  deteriorated  only  slightly  more  since  the 
previous  inspection. ^  The  galvanic  corrosion  of  rivet  heads  Had  not  increased  signif¬ 
icant.  The  patches  of  underwater-curing  epoxy  that  had  been  applied  to  underwater 
abraded  areas  18  months  before  (Figure  1)  were  still  in  relatively  good  condition. 

On  a  few  of  these  patches,  where  lifting  of  the  edges  from  the  coating  was  previously 
noted, a  portion  of  the  lifted  edge  hod  been  chipped  off  by  abrasion.  In  no  cose, 
however,  was  there  loss  of  epoxy  where  it  was  bonded  directly  to  the  steel.  The 
epoxy  patches  were  still  fully  protecting  the  steel  previously  exposed  when  the 
coating  was  damaged.  An  underwater  portion  of  the  buoy  had  been  abraded  since 
the  previous  inspection,  and  the  exposed  steel  was  rusting.  The  bar?  steel  was 
cleaned  by  power  wire  brushing,  and  the  surrounding  undamaged  coating  was  scrubbed 
with  a  stiff  brush.  The  cleaned  metal  and  one  inch  of  the  surrounding  coating  were 
covered  (Figure  2)  with  the  underwater -curing  epoxy^  previously  applied  to  this 
buoy. 

There  was  more  fouling  on  this  buoy  than  on  the  others,  but  the  organisms 
were  similar.  Barnacles,  mussels,  and  green  algae  were  present  in  the  splosh  zone; 
tunicates,  barnacles,  hydroids,  bryozoa,  mussels,  and  tube  worms  were  present  in  the 
submerged  zone.  Specific  species  of  fouling  organisms  identified  on  test  buovs  were 
listed  in  TR-291.3  None  of  the  coating  systems  in  good  o>  good-fair  condition  were 
domoged  by  fouling. 


Table  I.  System  Description  and  Coating  Thicknes 
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Table  II.  Overall  Rating  and  Length  of  Service  for  Coated  Buoys 
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Figure  1.  Underwater-curing  epoxy  patches  (see  arrows)  on  System  1 
buoy.  Note  fouling  still  clinging  to  patches  after  high- 
pressure  hosing. 


Fr jure  2.  Patching  damaged  area  ot  System  1  buoy  with 
underwater-curing  epoxy. 
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Coating  $yjtenr;  2:  Epoxy 

The  buoy  with  Coating  System  2  hod  very  little  coating  deterioration  (Figure  3). 
Tr.e  slight  rusting  in  the  atmospheric  zone  was  restricted  to  areas  abraded  by  the 
securing  assembly;  that  in  the  submerged  zone  was  restricted  to  a  few  rivet  heads. 

A  cent  had  been  knocked  into  one  of  the  steel  plates  in  She  submerged  zone,  but 
this  did  not  damage  the  coating. 

Coating  System  3:  Epoxy -Polyester 

The  buoy  with  Coating  System  3  was  in  essentially  the  some  condition  (Figure  4) 
os  at  the  previous  inspection-  The  yellow  epoxy  primer  was  continuing  to  protect 
the  steef  from  corrosion  in  areas  where  much  of  the  polyester  topcoat  had  been  lost. 

The  side  of  the  buoy  was  considerably  streaked  with  rust  from  behind  tack-welded 
flanges  and  from  ebraded  areas. 

Coating  System  4;  Epoxy  -  Coal  Tar  Epoxy 

The  buoy  with  Coating  System  4  was  in  essentially  the  same  condition  (figure  5} 
as  at  the  previous  inspection.  The  delamination  of  the  topcoat  and  seal  coat  (Figure  6) 
had  increased  only  slightly,  and  the  underlying  epoxy  primer  and  coal  tar  epoxy  were 
providing  good  protection  to  the  steel. 

Coating  System  5:  Coal  Tar  Epoxy  -  Phenolic 

The  overall  condition  of  the  Coating  System  5  buoy  was  similar  to  that  noted 
in  the  previous  inspection.  At  that  time  there  was  some  concern  over  the  advanced 
galvanic  corrosion  of  abraded  rivet  heads.  These  rivet  heads  had  not  lost  much  more 
metal  since  then.  There  was  considerable  abrasion  damage  on  the  top  of  this  lightly 
fendered  Mark  I  buoy.  Some  of  these  damaged  areas  had  been  patched  with 
underwater-curing  epoxy  18  months  earlier.  Several  of  these  patches  (Figure  7)  had 
been  partially  chipped  away  by  further  abrasion  from  the  securing  assembly. 

Coating  Systems  6  and  6C:  Phenolic  Mastic 

CoaHng  Systems  6  and  6C  were  identical,  but  the  6C  buoy  was  cathodically 
protected.  The  abraded  top  end  rivet  heads  (Figure  8)  in  the  submerged  portion  of 
the  System  6  buoy  had  not  deteriorated  significantly  further  since  the  Iasi  nspectk  . 

A  year  before,  the  System  6C  buoy  had  been  rather  extensively  abraded  by  a  ship; 
these  abraded  areas  continued  to  show  -usting  but  no  pitting  either  above  or  below 
(Figure  9)  the  water  line. 
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Figure  3.  System  2  buoy  after  removal  of  fouling. 


Figure  4.  System  3  buoy  after  lemoval  of  fouling. 
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Figure  5.  System  4  buoy  after  removal  of  fouling. 


coal  tar  coating,  even  though  the  coating  is  providing  good 
protection  to  the  steel. 
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Figure  7.  Top  of  System  5  buoy.  Note  abrasion  of  coating  system  and 
epoxy  patches. 
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Figure  8.  Riveted  seom  of  System  6  buoy  showing  abraded  rivet  heads 
with  galvanic  corrosion. 


Figure  9.  Abraded  underwater  portion  of  System  6C  buoy. 


System  7C:  Phenolic 

The  fouling  on  the  Coating  System  7C  buoy  (Figure  10)  was  of  a  type  and 
intensity  similar  to  that  on  test  buoys  without  antifouling  paint.  Growths  of  barnacles 
ond  tunicates  were  relatively  heavy,  and  there  were  mussels,  hydroids,  green  algae, 
and  tube  worms  to  a  lesser  degree.  The  yellow  primer  had  been  exposed  in  many 
places  on  the  submerged  portion  of  the  buoy  where  the  antifouling  paint  had  eroded, 
but  this  had  not  permitted  any  rusting.  The  pin-point  rusting  previously  noted^  In 
the  atmospheric  and  splash  zones  hod  not  advanced  significantly  since  the  previous 
inspection. 

System  8:  Phenolic-Alkyd 

The  coating  system  on  the  submerged  portion  of  the  System  8  buoy  (Figure  1 1) 
was  identical  to  that  ot  the  System  7C  buoy.  Consequently,  »he  fouling  on  both 
buoys  was  similor.  The  System  8  buoy,  however,  hod  lost  less  ontifouling  coat,  so 
less  yellow  primer  was  exposed.  The  pin-point  rusting  ond  abraded  areas  previously 
noted  on  the  buoy^f^  showed  no  further  significant  corrosion  since  the  previous 
inspection. 
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Figure  10.  System  7C  buoy  before  removal  of  fouling. 


Coating  System  9:  Vinyl 


The  amount  of  fouling  on  Cos.  System  9  buoy  (Figure  12)  was  medium.  The 
heavy  growth  of  green  algae  was  due  to  tr.e  fact  that  the  Mark  I  buoy  rode  lower  in 
the  water  than  did  the  Mark  II  buoys  (Systems  7C  and  8).  Other  fouling  organisms 
on  these  three  buoys  were  identical  in  species.  When  the  System  9  buoy  was  hosed 
off,  several  small  spots  of  -’nyl  primer  were  exposed  where  antifouling  paint  washed 
off  with  mussels. 

The  slight  rusting  caused  by  abrasion  had  not  increased  much  since  the  previous 
inspection.  A  ship  had  dented  a  steel  plate  in  the  submerged  zone,  but  this  had  not 
damaged  the  coating. 

Coating  System  10:  High-Body  Vinyl 

The  blistering  and  meting  in  c!l  three  zones  of  the  bystem  10  buoy  had  not 
deteriorated  appreciably  further  (Figure  13)  since  the  previous  inspection.  Many  of 
the  blisters  were  broken  by  the  high-pressure  hosing,  exposing  bare  metal.  Both 
fenders  on  the  side  of  the  buoy  had  been  broken  by  the  impact  of  a  naval  vessel. 

Coating  System  11:  Vinyl  Mastic 

Because  of  advanced  corrosion,  the  Coating  System  1 1  buoy  was  removed  from 
test  at  the  tim<-*  of  the  previous  inspection. 

Coating  System  12:  Inorganic  Zinc  Si licate  -  V  nyl  Mastic 

The  Coating  System  12  buoy  was  essentially  free  of  corrosion  in  aH  three  zones 
(Figure  14).  The  only  corrosion  noted  was  where  portions  of  the  top  edge  had  been 
abraded  by  mooring  lines.  Although  approximately  half  of  the  primer  and  topcoat 
had  been  lost  from  the  submerged  portion  of  the  buoy  after  6  months  of  service,  the 
underlying  inorganic  zinc  sMicate  was  still  preventing  corrosion  18  months  later 
(Figure  15). 

Coating  Systems  13  and  13C:  Saran 

Coating  Systems  13  and  13C  were  identical,  but  System  13C  was  applied  *o  a 
cathodically  protected  buoy.  There  was  rust  on  both  buoys  (Figures  16  and  17)  in  the 
atmospheric  and  splash  zones,  either  pin-point  rusting  or  rusting  initiated  by  coating 
abrasion.  The  System  13  buoy  also  hod  rust  in  the  submerged  zone,  but  in  this  portion 
of  the  System  13C  buoy  rust  occurred  only  on  the  square  of  steel  exposed  by  wire 
brushing  to  test  the  cathodic  protection  system.  The  13C  buoy  hod  been  struck  by  a 
ship  that  bent  the  cathodic  protection  unit,  but  this  damaged  neither  the  coating  not 
the  cathodic  protection  system. 


Figure  12.  System  9  buoy  before  removal  of  fouling. 


Figure  12.  System  10  bu^v  after  removal  of  fouling. 


M 


Fij^jre  14.  System  12  buoy  before  removal  of  fouling. 


Figure  15.  Deteriorated  portion  of  System  12  buoy,  showing  the  topcoot 
(white),  the  primer  (dari  brown),  and  the  inorgonic  zinc 
silicate  (gray). 
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CONDITION  OF  COATED  PANELS 


The  coating  system  on  each  test  panel  i;  rate'  in  Table  III,  and  the  ratings  of 
specific  conditions  are  given  in  Appendix  B. 

Although  not  noted  in  Appendix  B,  numerous  small  shrimp  were  present  in  the 
fouling  on  all  San  Diego  panels.  Th^se  shrimp  were  living  among  the  fouling  organ¬ 
isms  and  not  attached  directly  to  the  panels;  thus,  they  represented  no  fouling  problem 
but  indicated  that  a  change  had  occurred  in  the  environment. 

Coating  System  1:  Urethane 

Both  urethane -coated  panels  were  in  excellent  condition.  The  only  sign  of 
deterioration  was  a  few  pin-point  rust  spots  in  the  atmospheric  zone  of  the 
Port  Hueneme  panel. 

Coating  System  2:  Epoxy 

Othei  than  loss  of  the  antifouling  coating,  neither  epoxy  panel  showed  any 
coating  deterioration,  and  there  was  no  rust  on  either  panel. 

Coating  System  3:  Epoxy-Polyester 

4 

As  previously  reported,  when  the  antifoulirg  coat  (identical  to  that  of 
System  2)  was  lost  from  System  3  panels  it  took  the  polyester  coats  with  it,  exposing 
the  underlying  epoxy  primer.  This  primer  has  continued  to  prevent  rust  on  the 
San  Diego  panel  and  has  permitted  only  slight  rusting  on  the  Port  Hueneme  panel. 
There  was  st;!l  no  blistering  on  the  San  Diego  pane  ,  whereas  extensive  blistering 
was  previously  noted^  on  the  Port  Hueneme  panel. 

Coating  System  4:  Epoxy -Cool  Tor  Epoxy 

Neither  of  the  System  4  panels  showed  dete  iorotion  in  any  zone. 

Coofing  System  5:  Coal  Tor  Epoxy  -  Phenolic 

On  both  of  the  System  j  panels,  the  seal  coot  and  underlying  >  xil  ta<  epoxy 
coat  gave  excellent  protection.  The  previously  reported^  loss  of  topcoat  had  no 
effec  t. 

Coofing  System  6  Phenolic  Mast  c 

Neither  of  the  System  6  panels  showed  deterioration  in  any  zone. 


Table  III.  Overall  Ratings-^of  Coated  Panels  After  Eighteen  Months  Expos 


]/  10  =  perfect  condition;  0  =  complete  deterioration 


Coating  System  7C:  Phenolic 


The  slight  rusting  reported  '  In  the  atmospheric  zone  of  the  Port  Hueneme 
System  7C  panel  had  not  increased  significantly,  and  the  San  Diego  pane!  showed 
no  deterioration  in  any  zone.  The  antifouling  coat  was  still  effective  in  restricting 
the  fouling  to  a  light  growth,  but  a  slight  amount  of  the  yellow  primer  was  showing 
through  the  black  antifouling  on  both  pane's. 

Coating  System  8:  Phenol  ic-Alkyd 

Thet  were  a  few  small  blisters  in  the  submerged  zone  of  the  Port  Hueneme 
panel  but  o.nerwise  no  sign  of  coating  deterioration  or  rust  on  either  System  8  panel. 
The  antifouling  coat  was  identical  to  that  on  7C,  and  fouling  was  light.  But  here 
too  some  yellow  primer  was  showing  through  the  black  antifouling. 

Coating  System  9:  Vinyl 

Neither  System  9  panel  showed  deterioration  in  any  zone.  The  vinyl  antifouling 
coating  continued  to  permit  only  light  fouling  at  both  locations. 

Coating  System  10:  High-Body  Vinyl 

Blisters  were  numerous  on  the  Port  Hueneme  System  10  panel,  and  the  steel  had 
rusted  in  all  three  zones.  The  Son  Diego  panel  was  also  blistered  and  rusted  but  to 
a  lesser  degree. 

Coating  System  11:  Vinyl  Mastic 

On  lhe  System  1 1  panel  in  Port  Hueneme,  blistering  and  rusting  were  severe 
in  the  tidal  zone,  but  the  other  zones  were  in  comparatively  good  condition.  There 
was  slightly  less  blistering  and  rusting  or*  the  San  Diego  panel,  but  it  occurred  in 
both  the  tidal  and  submerged  zones. 

Coating  System  12:  Inorganic  Zinc  Silicate -Vinyl  Mastic 

The  System  12  panel  in  Port  Hueneme  had  a  few  blisters  in  the  tidal  zone 
where  the  previously  nofed'^  delaminafion  of  the  vinyl  mastic  coating  was  concen¬ 
trated.  A  similar  blistering  and  loss  of  coating  occurred  in  both  the  tidal  and 
submerged  zones  of  the  San  Diego  panel.  The  underlying  inorganic  zinc  silicate 
had  protected  both  panels  from  corrosion. 


Coating  System  13:  Saran 

Both  System  13  panels  were  in  very  good  condition.  Only  a  few  pin  holes  of 
rust  were  noted,  with  some  edge-rusting. 


CATHODIC  PROTECTION  RESULTS 

The  original  cathodic  protection  system^  installed  on  three  of  the  test 
mooring  buoys  utilized  a  sacrificial  magnesium  anode,  a  control  head  designed  to 
maintain  a  potential  near  -850  millivolts  (with  respect  to  a  reference  silver-silver 
chloride  half-cell),  and  a  remote  ground  cable  to  distribute  the  protection  through¬ 
out  the  submerged  exterior  of  the  buoy.  Although  values  near  the  desired  potential 
were  obtained  when  the  three  cathodically  protected  buoys  were  initially  installed, 
by  the  time  of  the  second  inspection  the  potential  had  fallen  to  -730  mv.  At  the 
same  time,  the  potential  of  the  buoys  without  cathodic  protection  averaged  -650  mv. 
The  rate  of  magnesium  loss  from  anodes  had  also  decreased.  It  appeared  that  resistance 
had  developed  somewhere  in  the  circuit.  The  top  bronze  securing  bracket  on  the 
control  head  was  replaced  with  a  steel  bracket,  and  the  contact  points  were  sanded 
to  remove  any  resistance  film.  But  the  potential  increased  only  partially  and  the 
increase  was  temporary.  So,  at  the  third  inspection,  the  original  control  heads  were 
replaced  with  new  control  heads  designed  by  the  supplier  to  maintain  a  potential 
of  -900  mv.  After  2  months  of  service  the  average  potential  on  cathodically  pro¬ 
tected  buoys  was  only  90  mv  more  than  on  unprotected  buoys. 

Consequently,  the  cathodic  protection  system  on  the  System  7C  buoy  was  again 
modified.  The  magnesium  anode  was  replaced  with  a  zinc  anode,  and  the  remote 
ground  cable  was  joined  directly  to  the  steel  pipe  supporting  the  zinc  anode.  With 
this  arrangement,  current  does  not  pass  through  the  control  head,  which  now  serves 
only  as  a  securing  bracket.  Although  both  anodes  were  of  the  same  general  size,  the 
zinc  anodes  weigh  about  145  pounds  —  approximately  double  that  of  the  magnesium 
anodes.  Immediately  after  the  modified  buoy  was  returned  to  the  water,  its  potential 
was  -840  mv.  When  checked  29  days  later,  buoy  potential  was  -980  mv.  After  51 
days,  it  was  -900  mv  with  a  naval  vessel  secured  to  the  buoy.  At  the  time  of  the 
present  inspection  (132  days  after  the  modification),  buoy  potential  was  -930  mv. 

The  condition  of  the  anode  at  this  time  is  shown  in  Figure  18. 

The  potential  of  System  6C  buoy  was  -730  mv  before  the  buoy  was  removed 
for  inspection,  and  that  of  buoys  without  cathodic  protection  was  -670  mv.  There 
was  very  light  rust  on  the  studs  and  nuts  which  secure  the  anode  assembly.  The 
cathodic  protection  system  was  modified  to  conform  with  that  on  System  7C  buoy, 
and  immediately  after  returning  this  buoy  to  the  water  the  potential  was  -890  mv. 

Ten  days  later  it  was  -820  mv. 
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Figure  18.  Zinc  anode  of  System  7C  after  132  days. 


The  potential  of  System  13C  buoy  was  -770  mv  before  the  buoy  was  removed 
for  inspection.  A  vessel  had  struck  the  lower  end  of  the  cathodic  protection  unit, 
bending  securing  brackets,  the  anode  pipe,  and  the  lowest  protective  steel  bar 
(Figure  19).  The  brackets  and  steel  bar  were  straightened,  and  this  magnesium 
anode  was  also  replaced  with  a  zinc  anode.  The  square  of  bare  steel  (Figure  19) 
previously  exposed  by  wire  brushing^  was  covered  with  light  rust  but  was  not 
pitted.  There  was  also  light  rust  on  the  studs  and  nuts  which  secure  the  anode 
assembly.  Immediately  after  returning  the  buoy  to  the  water  the  potential  was 
-800  mv.  The  r,  ,xt  day  it  was  -820  mv,  and  10  days  later  it  was  -860  mv. 


DISCUSSION 

None  of  the  buoy  coatings  showed  significantly  greater  coating  deterioration 
since  the  time  of  the  last  inspection.  Nor  had  the  aalvarsic  corrosion  of  rivet  heads 
on  the  Mark  I  buoys  advanced  to  a  very  serious  extent.  Thus,  the  ratings  are  very 
similar  to  those  in  the  previous  inspection  report.^  It  appears  from  these  ratings 
that  several  of  these  coating  systems,  properly  applied,  can  serve  better  than  those 
previously  used  on  mooring  buoys  in  San  Diego  Bay.  The  conditions  of  the  buoy 
coating  systems  at  the  time  of  each  inspection  ara  summarized  in  Table  IV. 
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Figure  19.  Portion  of  System  I3C  buoy  showing  bent  cathodic 
protection  unit  and  rusted  square  of  bare  steel. 


Both  the  shipbottom  block  (Mil-P-19449)  antifouling  coatings  of  Systems  7C 
and  8 ,  and  the  vinyl  (MM-P-15931A)  antifouling  coating  of  Systems  9  had  lost  most 
of  their  antifouling  properties  after  about  20  months  of  service  on  the  test  buoys.  The 
test  panels  with  these  coating  systems,  however,  were  still  restricting  the  fouling  to 
a  light  growth  in  both  harbors.  This  is  consistent  with  the  general  opinion  that  the 
effectiveness  of  antifouling  paints  falls  off  rapidly  Qiter  18  months  of  service.  It 
should  also  be  noted  that  the  buoys  were  located  in  areas  where  fairly  strong  currents 
occur,  while  both  panel  exposure  locations  are  relatively  quiet  areas.  Thus,  the 
toxic  constituents  of  the  antifouling  coatings  might  be  expected  to  leach  more 
rapidly  on  buoys  than  they  would  on  the  panels.  The  marine  environment  of  the 
San  Dietjo  test  ponels  had  again  changed,  as  indicated  by  the  presence  of  shrimp  for 
the  first  time  on  these  panels.  As  previously  reported, ^  there  were  no  bryozoa  on 
San  Diego  panels,  but  they  were  found  on  Son  Diego  buovs  and  Port  Hueneme  panels. 

The  coating  systems  rated  good  or  good-fair  on  test  buoys  (Table  II)  showed 
slight  or  no  deterioration  on  test  panels  after  18  months.  In  oil  coses,  the  coating 
systems  on  the  buoys  had  abrasion  damage  from  naval  vessels.  The  white  topcoat  of 
all  the  coating  systems  had  discolored  but  none  seriously.  Only  those  systems  with 
significant  deterioration  problems  will  be  further  discussed  in  thi,  section. 
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Q.  oaring 


Table  IV.  Condition  of  Buoy  Coating  at  Time  of  Eoch  Inspection 
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J J  Ratings: 

E  -  excellent 
G  "  good 
F  -  fair 
P  poor 


Cumulative  Time  (months) 


1  4  _J 


2j  Removed  after  19  months 
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In  Coating  System  3  (epoxy-polyester),  much  of  the  polyester  topcoats  was 
lost  after  I  year  of  exposure,  but  even  after  2  years  the  primer  was  still  effective  in 
protecting  the  buoys  and  panels  from  corrosion.  The  epoxy  primer  pigmented  with 
zinc  chromate  is  identical  to  the  primer  of  System  2. 

In  Coating  System  4  (epoxy -coal  tar  epoxy),  although  40  percent  of  the  epoxy 
seal  coat  and  topcoat  had  delaminated  in  the  submerged  zone  of  the  buoy,  the  under¬ 
lying  cool  tar  epoxy  and  epoxy  primer  were  providing  good  protection.  The  same 
coating  system  on  the  panels  was  in  excellent  condition  after  18  months.  Again,  no 
explanation  could  be  found  for  the  difference  in  behavior  of  Coating  System  4  on 
the  buoy  and  the  test  panels. 

Coating  System  5  (coal  tar  epoxy -phenolic)  had  lost  sizeable  portions  of  the 
topcoat  in  the  tidal  and  submerged  zones  of  both  panels,  exposing  the  gray  seal  coat. 
This  did  not  occur  on  the  buoy.  The  coating  system  was  still  providing  good  protec¬ 
tion  on  test  panels  and  fair  protection  on  the  buoy. 

The  blistering  and  rusting  associated  with  Coating  System  10  (high-body  vinyl) 
hod  not  increased  appreciably  on  either  the  buoy  or  test  panels  since  the  previous 
inspection. 

In  Coating  System  12  (inorganic  zinc  silicate  -  vinyl  mastic),  large  portions  of 
the  vinyl  mastic  topcoat  had  been  lost  from  the  submerged  portions  of  both  panels 
and  buoys.  But  the  inorganic  zinc  silicate  continued  to  protect  the  steel. 

The  three  newly  designed  control  heads  placed  on  cathodically  protected 
buoys  did  not  raise  the  buoy  potentials  into  the  desired  range.  Although  light 
rusting  occurred  on  the  bare  square  of  steel  on  the  System  13C  buoy,  the  potential 
produced  prevented  pitting.  Peterson  and  Waldron^  found  that  a  low  potential  may 
prevent  pitting,  even  though  it  ollows  light  rusting.  The  high  potentials  on  the 
System  7C  buoy  after  the  magnesium  anode  was  replaced  with  a  zinc  anode  indicates 
that  the  circuit  resistance  in  the  original  system  was  in  the  control  head  and  not  in 
the  ground  cable.  These  potentials  also  indicate  that  the  zinc  was  not  passivated  to 
any  significant  extent. 


FINDINGS 

1.  On  eight  of  the  test  buoys,  the  coating  systems  were  in  good  condition;  six  showed 
varying  degrees  of  intermediate  deterioration. 

2.  The  condition  of  the  coatings  hod  not  changed  much  since  the  previous  inspection. 

3.  The  antifouling  coats  on  the  test  mooring  buoys  retained  very  little  antifouling 
efficacy  after  20  months.  The  vinyl  and  shipbottom  block  antifouling  coatings  on 
test  panels,  however,  were  still  retarding  fouling  offer  18  months  of  exposure. 


4.  The  galvanic  corrosion  of  rivet  heads,  noted  on  most  of  the  Mark  I  buoys  in  the 
previous  inspection,  had  not  increased  significantly. 

5.  The  newly  designed  control  heads,  placed  on  the  three  cathodically  protected 
buoys  in  the  previous  inspection,  did  not  maintain  the  buoy  potential  at  the  desired 

|  level. 

{  6.  The  replacement  of  magnesium  anodes  with  zinc  increased  buoy  potentials  to  tbe 

j  desired  level  and  maintained  them  for  the  short  term  herein  reported. 

1 

i 

|  CONCLUSIONS 

\ 

1.  Several  of  these  coating  systems,  properly  applied,  can  serve  better  than  those 

t  previously  used  on  mooring  buoys  in  San  Diego  Bay. 

2.  The  resistance  which  developed  in  the  original  cathodic  protection  system  was 

•  in  the  control  head. 

i 

i 
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Appendix  A 

RATINGS  OF  BUOYS  WITH  TEST  COATINGS 


Coating  System  1:  Urethane 

No.  of  Days  in  Service:  787  Overall  Condition:  Good 


Amount  of  use:  Light 

Condition  Rated 

Atmospheric 

Type  of  Mooring: 

Splash 

Bow  and  St 

Submerged 

Color 

9 

9 

— 

Chalking 

4 

4 

— 

Bl  i  storing 

o 

Z 

N,  10 

N,  10 

Checking 

10 

10 

10 

Crocking 

10 

10 

10 

Flaking  (scaling) 

10 

10 

10 

Erosion 

10 

10 

10 

Rusting,  Type  1* 

9 

9 

9 

Rusting,  Type  II** 

10 

10 

10 

Fouling,  amount 

— 

heavy 

heavy 

Guono,  amount 

light 

— 

~ 

Structural  damage 

none 

none 

none 

*  Type  I  -  Without  blistering 

**  Type  II  *  With  blistering 


26 


Coating  System  2:  Epoxy 


No.  of  Days  in  Service:  747 

Overall  Condition 

i:  Good 

Amount  of  use:  Heavy 

Type  of  Mooring: 

Bow  ond  Stem 

Condition  Rated 

Atmospheric 

Splash 

Submerged 

Color 

9 

9 

— 

Chalking 

8 

8 

— 

Bl  istering 

N,  10 

N,  10 

N,  10 

Checking 

10 

10 

— 

Cracking 

10 

10 

10 

Flaking  (scaling) 

10 

10 

~ 

Erosion 

10 

10 

10 

Rusting,  Type  1 

9 

10 

9 

Rusting,  Type  II 

10 

10 

10 

Fouling,  amount 

— 

heavy 

heavy 

Guano,  amount 

medium 

— 

— 

Structural  damage 

none 

none 

dent  in 
steel  plote 
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Coat  mg  System  3:  Epoxy  -  Polyester 
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Coating  System  4:  Epoxy  -Coo!  Tor  Epoxy 


No.  of  Days  in  Service:  787 
Amount  of  use:  Heavy 


Overall  Condition:  Good 
Type  of  Mooring:  Bow  and  Stem 


Condition  Rated 

Atmospheric 

Splash 

Submerged 

Color 

9 

9 

— 

Chalking 

8 

8 

— 

Blistering 

N,  10 

N,  1C 

N,  10 

Checking 

10 

10 

10 

Cracking 

’0 

10 

10 

Flaking  (scaling) 

10 

10 

6* 

Erosion 

;o 

10 

10 

Resting,  Type  1 

9 

9 

10 

Rust:ng,  Type  H 

10 

10 

10 

Fouling,  amount 

— 

light 

medium 

Guano  amount 

light 

— 

— 

Structural  damage 

none 

none 

none 

*  Delominarion  of  topcoat  and  seal  coot,  exposing  coal  tar  epoxy  coating 
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Coating  System  5:  Cool  Tar  Epoxy- Phenolic 


No.  of  Days  in  Service:  746 


Amount  of  use:  L* ght 

Condition  Rated 

Atmosphei 

Color 

9 

Chalking 

3 

Blistering 

N,  10 

Checking 

10 

Cracking 

10 

Flaking  (scaling) 

10 

Erosion 

10 

Rusting,  Type  ! 

7 

Rusting,  Type  II 

10 

Fouling,  amount 

— 

Guano,  amount 

light 

Structural  damage 

none 

*  Rivet  heads  were  badly  corroded 


Overall  Condition:  Fair 


Type  of  Mooring: 

Bow  and  Stem 

Splash 

Submerged 

9 

8 

— 

N,  10 

O 

Z 

10 

10 

10 

10 

10 

10 

10 

10 

9 

9* 

10 

10 

medium 

medium 

none 

none 
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Coating  System  6:  Phenolic  Mastic 


No.  of  Days  in  Service:  745 
Amount  of  use:  Heavy 


Overall  Condition:  Cfooj 
Type  of  Mooring:  Bow  and  Stem 


Condition  Rated 

Atmospheric 

Splash 

Submerged 

Color 

9 

9 

— 

Chalking 

6 

6 

— 

Bl  istering 

o 

z 

o 

Z 

o 

Z 

Checking 

10 

10 

10 

Cracking 

10 

10 

10 

Flaking  (scaling) 

10 

10 

10 

Erosion 

10 

10 

10 

Rusting,  Type  1 

8 

9 

9* 

Rusting,  Type  II 

10 

10 

10 

Fouling,  amount 

— 

medium 

medium 

Guano,  amount 

light 

— 

— 

Structural  damage 

dent  in  side 
broken  fender 

broken  fender 

dent  in 
steel  plate 

*  Rivet  heads  were  badly  corroded 
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Coating  System  6C: 

No.  of  Days  in  Service: 

746 

Amount  of  use:  Light 

Condition  Rated 

Atmospheric 

Color 

9 

Chalking 

8 

Blistering 

N,  10 

Checking 

10 

Cracking 

10 

Flaking  (scaling) 

10 

Erosion 

10 

Rusting,  Type  1 

9 

Rusting,  Type  II 

10 

Fouling,  amount 

— 

Guano,  amount 

light 

Structural  damage 

splintered 

fender 

Phenolic  Mastic 


Overall  Condition:  Good 


Type  of  Mooring: 

Bow  and  Stem 

Splash 

Submerged 

9 

— 

8 

— 

N,  10 

o 

Z 

10 

10 

10 

10 

10 

10 

10 

10 

9 

9 

10 

10 

light 

medium 

none 

none 
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Coating  System  7C:  Phenolic 


No.  of  Days  in  Service:  599 
Amount  of  use:  Light 


Overall  Condition:  Good 
Type  of  Mooring:  Free- Swinging 


Condition  Rated 

Atmospheric 

Splash 

Submerged 

Color 

9 

9 

— 

Chalking 

6 

6 

— 

Bl  istering 

o 

Z 

N,  10 

N,  10 

Checking 

10 

10 

10 

Cracking 

10 

10 

10 

Flaking  (scaling) 

10 

10 

10 

Erosion 

10 

10 

8* 

Rusting,  Type  1 

9 

9 

10 

Rusting,  Type  !! 

10 

10 

10 

Fouling,  amount 

— 

Light 

medium 

Guano,  amount 

medium 

— 

- 

Structural  damage 

*  Antifouling  only 

none 

none 

none 
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Coating  System  8:  Phenol  ic  -  Alkyd 


No.  of  Days  in  Service:  600  Overall  Condition:  Good 

Amount  of  use:  Light  Type  of  Mooring:  Free- Swinging 


Condition  Rated 

Atmospheric 

Splash 

Submerged 

Color 

9 

9 

— 

Chalking 

8 

8 

— 

Blistering 

N,  10 

N,  10 

N,  10 

Checking 

10 

10 

10 

Cracking 

10 

10 

10 

Flaking  (scaling) 

10 

10 

10 

Erosion 

10 

10 

9* 

Rusting,  Type  1 

8 

9 

9 

Rusting,  Type  II 

10 

10 

10 

Fouling,  amount 

— 

light 

medium 

Guano,  amount 

light 

— 

— 

Structural  damage 

*  Antifouling  only 

none 

none 

none 
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.  *&  '*W'+** 


Coating  System  9: 

Vinyl 

No.  of  Days  in  Service: 

622 

Overall  Condition:  Good 

Amount  of  use:  light 

Type  of  Mooring: 

Free-Swin 

Condition  Rated 

Atmospheric 

Splash 

Submerged 

Color 

0 

10 

— 

Chalking 

8 

8 

— 

Bi  istering 

N,  10 

N,  10 

N,  10 

Checking 

N,  10 

10 

10 

Crocking 

N,  10 

10 

10 

Flaking  (scaling) 

N,  10 

10 

10 

Erosion 

N,  10 

10 

10 

Rusting,  Type  1 

9 

9 

9 

Rusting,  Type  II 

10 

10 

10 

Fouling,  amount 

— 

heavy 

medium 

Guano,  amount 

light 

— 

— 

Structural  damage 

none 

none 

dent  in 
steel  plote 
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Coating  System  10:  High-Body  Vinyl 


No.  of  Days  in  Service:  713  Overall  Condition:  Fair 


taioont  of  use:  light 

Condition  Rated 

Atmospheric 

Type  of  Mooring: 

Splash 

Free-Swir 

Submerged 

Color 

9 

9 

— 

Chalking 

6 

6 

— 

Bi  istering 

F,  2 

F,  2 

F,2 

Checking 

10 

10 

10 

Crocking 

10 

10 

10 

Fldking  (scaling) 

10 

10 

10 

Erosion 

10 

10 

10 

Rusting,  Type  1 

9 

8 

9 

Rusting,  Type  II 

10 

10 

10 

Fouling,  amount 

— 

medium 

medium 

Guano,  amount 

light 

— 

— 

Structural  damage 

none 

fender  splintered 

none 
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v  -^■^rmmmrvnmmrn . .  . 

Coating  System 

12:  Inorganic 

*  • 

Zinc  Silicate  -  Vinyl  Mastic 

i 

• 

No.  of  Days  in  Service:  788 

Overall  Condition:  Fair 

f 

1 

Amount  of  use:  Light 

Type  of  Mooring: 

Bow  and  Stem 

I 

Condition  Rated 

Atmospheric 

Splash 

Submerged 

* 

Color 

9 

9 

— 

| 

Chalking 

8 

8 

— 

Blistering 

N,  10 

N,  10 

N,  10 

Checking 

10 

10 

10 

Cracking 

10 

10 

10 

\ 

i 

Flaking  (scaling) 

10 

10 

5* 

* 

Erosion 

10 

10 

10 

* 

$ 

| 

Rusting,  Type  1 

g+* 

10 

10 

* 

i 

Rusting,  Type  II 

10 

10 

10 

s 

i 

Fouling,  amount 

— 

light 

medium 

Guano,  amount 

light 

— 

— 

Structural  damage 

*  Topcoat  only 

**  Top  edge  only 

none 

none 

none 
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Coating  System  13:  So  ran 


No.  of  Days  in  Service:  746 


Amount  of  use:  Light 

Condition  Rated 

Atmosphei 

Color 

9 

Chalking 

8 

Bl  i  staring 

N,  10 

Checking 

10 

Cracking 

10 

Flaking  (scaling) 

10 

Erosion 

10 

Rusting,  Type  I 

c 

Rusting,  Type  II 

10 

Fouling,  amount 

— 

Guano,  amount 

light 

Structural  domoge 

none 

C v'erall  Condition:  Good-Fair 


Type  of  Mooring: 

Bow  and  Stem 

Splash 

Submerged 

9 

— 

8 

— 

N,  10 

N,  10 

10 

10 

10 

10 

10 

10 

10 

10 

9 

8 

10 

9 

heavy 

heavy 

lender  splintered 

none 

dent  in  steel  plate 
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Cooting  System  IX:  So  ran 


No.  of  Doys  in  Service:  753 


Amount  of  use:  Light 

Condition  Rated 

Atmospheric 

Color 

9 

Cholic  ir»g 

10 

Bl  i  storing 

n,  :o 

Chocking 

10 

Cracking 

10 

Flaking  (scaling) 

10 

Erosion 

10 

Rusting,  Typo  1 

9 

Rusting,  Typo  II 

10 

Fouling,  amount 

— 

Guano,  amount 

medium 

Structural  damogo 

dent  in 
stool  plate 

Overall  Condition:  Good 
Typo  of  Mooring:  Free- Swinging 


Splash 

Submerged 

9 

— 

10 

— 

N,  10 

N,  10 

10 

10 

10 

10 

10 

10 

10 

10 

9 

10 

10 

10 

light 

medium 

dent  in 
steel  plate 

none 
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Appendix  B 

RATING  OF  TEST  PANELS  AT  PORT  HUENEME  AND  SAN  DIEGO 
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2 


1 

General  Protection 

9 

10 

10 

10 

10 

10 

Chalking 

1  * 

— 

j 

15/ 

— 

— 

Checking 

|  10 
■ 

10 

10 

1 

10 

10 

10 

Blistering,  size 

I  10 

?0 

10 

10 

10 

10 

Blistering,  frequency 

N 

N 

N 

N 

Cl 

Flaking 

10 

10 

10 

10 

10 

10 

Cracking 

10 

10 

10 

!  io 

10 

10 

Undercutting 

i  10 

10 

10 

10 

10 

10 

Rusting,  Type  1 

9w 

10 

to 

!0 

10 

10 

Rusting,  Ty  il 

10 

10 

10 

10 

10 

10 

Pitting 

10 

10 

10  ! 

10 

10 

10 

Fouling,  amount 

- 

p 

X 

— 

M^ 

r  10/  1 

Fouling,  area 

! 

— 

i 

2  I 

— 

A 

0 

1.  Plant  Area 

— 

£ 

8 ! 

8 

8 

2.  Animnl  Area 

- 

1C 

3  1 

1 

~ 

5 

0 

a.  Tunicates 

- 

10 

10 

— 

10 

0 

b.  Barnacles 

1 

10 

8 

— 

5 

9 

c.  Mussels 

~ 

10 

9 

— 

8 

8 

d,  Bryozoo 

10 

j 

8 

— 

10 

10 

e.  Hydroids 

10 

7 

t 

8 

8 

f.  Tube  Worms 

10 

5  i 

10 

9 

! 

Overall  Rating 


\J  A  =  atmospheric  zone 
2/  T  =•  tidal  zone 
3/  5  =  submerged  zone 
Aj  Antifouiing  top  coat  only 


If  N 
6/  H 
7/  D 
8/  M 


none 

heavy 

dense 

medium 


10 

10 

10 

10 

10 

10 

10 

10 

1C 

N 

N 

N 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

9  10 


10  10 
6  6 


MD^  D- 


8^ 

10  10 


10  10 


10  10 
10  10 


9/  L  =  light 

0  =  100%  fouled;  10  =  0%  fouled 
jj/  F  =  few 

12/  Antifouling  and  top  coat  lost  exposing  p 


10 

10 

10 

10 

10 

10 

10 

10 

6 

10 

10 

10 

N 

N 

N 

W 

10 

2* 

212/ 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

SO 

10 

10 

l 

— 

L 

H 

2 

— 

3 

2 

4 

5 

9 

5 

— 

6 

2 

10 

— 

10 

7 

9 

— 

6 

8 

10 

— 

10 

9 

£ 

— 

10 

10 

8 

— 

9 

0 

9 

— 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

8 

— 

— 

— 

- 

6 

— 

- 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

N 

N 

N 

N 

N 

N 

N 

N 

N 

10 

10 

10 

10 

10 

10 

10 

3w 

7* 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

- 

L 

M 

— 

M 

H 

— 

M 

M 

— 

2 

2 

— 

4 

1 

— 

1 

1 

— 

9 

9 

— 

7 

7 

— 

9 

9 

— 

2 

2 

— 

6 

1 

— 

1 

1 

- 

10 

10 

— 

10 

1 

— 

10 

10 

... 

2 

8 

— 

8 

10 

— 

1 

9 

— 

10 

9 

— 

9 

9 

— 

9 

9 

— 

10 

2 

— 

10 

10 

— 

10 

6 

- 

10 

8 

— 

9 

9 

~ 

10 

6 

— 

10 

4 

— 

10 

10 

10 

5 

10 

10 

9 

10  10  10 


10  10 
10  10 
N  N 


,!*/  0W 


10  10 
10  10 
10  10 
10  10 
10  10 
-  L 


10 

10 

10 

10 

10 

10 

6 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

N 

N 

N 

N 

N 

N 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

13/  A  few  pin  holes  only 
14/  Delamination  of  primer  ond  top  coat 
exposing  zinc  silicate  coating 


j  primer 


15/  impossible  to  determine  chalking  on  San  D>?go  panels 
because  of  extremely  high  tide  at  time  of  inspection 
16/  Loss  of  top  coat  exposing  gray  seal  coat 

Continued 
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exiting  System  No. 

7C 

8 

9 

Exposure  Site 

PH 

SD 

PH 

SD 

PH 

SD 

PH 

Panel  Zone 

A 

T 

s 

a 

D 

A 

T 

s 

a 

D 

D 

n 

D 

A 

T 

s 

eneral  Protection 

9 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

9 

8 

i 

hoiking 

8 

— 

— 

- 

— 

- 

8 

- 

— 

- 

— 

- 

10 

— 

— 

— 

— 

10 

— 

- 

hacking 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

11 

listering,  ;ire 

10 

10 

10 

10 

10 

10 

10 

10 

8 

10 

10 

10 

10 

10 

10 

10 

10 

10 

6 

£ 

1 

listering,  frequency 

N 

N 

N 

N 

N 

N 

N 

N 

F1J/ 

N 

N 

N 

N 

N 

N 

N 

N 

N 

F 

M 

K 

laking 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

11 

rocking 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

11 

ndercutting 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

11 

jsting.  Type  1 

9 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

:o 

10 

10 

9 

10 

11 

jsting,  Type  II 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

8 

8 

i  tting 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

8 

8 

oulirtg,  amount 

- 

L 

L 

— 

L 

l 

- 

L 

L 

— 

L 

L 

— 

L 

L 

— 

L 

L 

— 

M 

N 

ruling,  orea^ 

— 

6 

1 

- 

5 

6 

- 

9 

8 

- 

6 

6 

- 

4 

1 

— 

7 

7 

— 

1 

1.  Plant  Area 

— 

7 

1 

— 

7 

8 

- 

9 

8 

— 

6 

6 

— 

4 

1 

— 

7 

7 

- 

9 

( 

2.  Animal  Area 

9 

9 

— 

6 

9 

- 

10 

10 

- 

7 

9 

- 

9 

10 

- 

7 

8 

— 

1 

a.  Tunicates 

— 

10 

10 

10 

9 

— 

10 

10 

— 

10 

9 

- 

10 

10 

10 

9 

— 

10 

Y 

b.  Barnacles 

- 

9 

9 

— 

6 

9 

— 

10 

10 

— 

9 

7 

— 

9 

10 

7 

9 

— 

1 

c.  Mussels 

— 

10 

10 

— 

10 

10 

- 

10 

10 

— 

10 

10 

10 

10 

— 

9 

9 

— 

8 

i 

% 

d.  Bryozoa 

— 

10 

10 

— 

10 

10 

- 

10 

10 

— 

10 

10 

— 

10 

10 

— 

10 

10 

— 

10 

< 

e.  Hydroids 

- 

10 

10 

— 

10 

9 

- 

10 

10 

— 

10 

10 

— 

10 

10 

— 

9 

10 

— 

10 

( 

f.  Tube  Worms 

10 

10 

— 

10 

9 

- 

10 

10 

— 

10 

9 

— 

10 

10 

— 

10 

9 

— 

10 

4 

Overall  Rating 

10 

10 

10 

10 

10 

10 

8 

A  =  atmospheric  zone  5/  N  =  none  9j  L  =  light  Y$J , 

T  =  tide  I  zone  6/  H  -  heavy  10/  0  =  100%  fouled;  10  =  0%  tooled  14/  I 

S  =  submerged  zone  7/  D  -  dense  1_1/  F  -  few  i 

Anti  fouling  top  coat  only  £/  M  =  medium  12/  Antifouling  and  top  coot  lost  exposing  primer 


10 

11 

12 

13 

_ _ _ _ _ 

■ 

SD 

PH 

..." 

PH 

SD 

PH 

SD 

s 

A 

T 

S 

A 

T 

s 

A 

T 

S 

A 

T 

s 

a 

S 

A 

T 

s 

A 

T 

S 

B 

9 

9 

9 

9 

5 

9 

10 

8 

8 

10 

10 

10 

10 

10 

10 

9 

9 

10 

10 

9 

9 

1 

— 

— 

— 

8 

- 

- 

— 

- 

— 

8 

- 

— 

— 

- 

- 

10 

- 

- 

- 

- 

— 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

2 

2 

10 

2 

2 

10 

2 

2 

10 

2 

10 

10 

2 

2 

10 

10 

10 

10 

10 

10 

M 

N 

F 

F 

N 

M 

F 

N 

F 

M 

N 

F 

N 

N 

F 

F 

N 

N 

N 

N 

N 

N 

10 

10 

10 

10 

10 

7 

9 

10 

6 

8 

10 

10 

10 

4* 

10 

10 

10 

10 

10 

10 

10 

10 

10 

1C 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

9 

9 

10 

6 

10 

10 

8 

8 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

9 

9 

9 

9 

6 

10 

10 

8 

6 

10 

10 

10 

10 

10 

10 

9 

y 

10 

10 

9 

9 

7 

9 

9 

9 

10 

6 

3 

10 

8 

8 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

7 

9 

10 

10 

10 

9 

10 

10 

9 

9 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

M 

— 

L 

M 

— 

M 

M 

— 

L 

M 

— 

M 

M 

— 

L 

M 

— 

M 

M 

— 

L 

H 

1 

- 

6 

2 

— 

1 

1 

— 

4 

3 

- 

1 

1 

— 

5 

5 

— 

1 

1 

- 

5 

2 

9 

— 

8 

9 

— 

9 

9 

— 

4 

8 

- 

9 

9 

- 

5 

8 

— 

9 

9 

- 

7 

8 

1 

- 

7 

2 

— 

1 

1 

— 

9 

4 

- 

2 

1 

— 

8 

5 

— 

1 

1 

- 

7 

2 

10 

— 

10 

2 

— 

10 

10 

— 

10 

4 

— 

10 

10 

— 

10 

6 

- 

10 

10 

— 

10 

2 

7 

- 

7 

9 

— 

1 

9 

— 

9 

10 

— 

2 

8 

— 

8 

10 

— 

2 

9 

— 

7 

9 

5 

— 

10 

9 

— 

10 

9 

— 

10 

9 

- 

9 

7 

— 

10 

9 

— 

7 

9 

— 

10 

9 

6 

— 

10 

10 

— 

10 

7 

— 

10 

10 

— 

10 

7 

— 

10 

10 

— 

10 

7 

— 

10 

10 

a 

— 

9 

9 

— 

10 

8 

— 

9 

9 

— 

10 

6 

— 

9 

9 

— 

10 

7 

— 

9 

9 

4 

— 

10 

9 

— 

10 

5 

— 

10 

9 

— 

10 

6 

— 

10 

9 

— 

10 

6 

— 

10 

10 

■ 

9 

7 

8 

9 

9 

_ 

10 

_ 

9 

/  A  few  pin  holes  only  l£/  Impossible  to  determine  cholking  on  Son  Diego  pone  Is 

/  Delominotion  of  primer  and  top  coat  because  of  extremely  high  tide  at  time  of  infection 

exposing  zinc  silicate  coating  16/  Lou  of  top  coat  exposing  gray  seal  coot 


42 


REFERENCES 


1.  C.  S.  Navol  C»vi!  Engineering  Laboratory.  Technical  Report  R-246:  Protection 
of  mooring  buoys  —  Part  I.  Initiation  of  field  testing,  by  R.  W.  Drisko  and 

R.  L.  Alumbaugh.  Port  Hueneme,  Calif.,  June  1963. 

2.  - .  Technical  Report  R— 258:  Protection  of  mooring  buoys  —  Part  II.  First 

rating  inspection,  by  R.  W.  Drisko.  Port  Hueneme,  Calif.,  October  1963. 

3.  - .  Technical  Report  R-291:  Protection  of  mooring  buoys  —  Part  III.  Second 

rating  inspection,  by  R.  W.  Drisko.  Port  Hueneme,  Calif.,  April  1964. 

4.  — — .  Technical  Report  R-316:  Protection  of  mooring  buoys  —  Part  IV.  Results 
of  third  rating  inspection,  by  R.  W.  Drisko.  Port  Hueneme,  Calif.,  June  1964. 

5.  American  Society  for  Testing  and  Materials.  Book  of  ASTM  standards,  latest  ed. 
Philadelphia,  Pennsylvania. 

6.  Peterson,  M.  H.  and  L.  J.  Waldron.  "Investigation  of  mild  steel  corrosion  rate  in 
San  Diego  Harbor,"  Corrosion,  vol.  17,  no.  4,  April,  1961,  pp.  188t-190t. 
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DISTRIBUTION  LIST  (Cont'd) 


SNDL 

No.  of 

T  etol 

Cod* 

Activities 

Copies 

J46 

1 

1 

Personnel  Center 

J48 

1 

1 

Construction  Training  Unit 

J60 

1 

1 

School  Academy 

J65 

1 

1 

School  CEC  Officers 

J84 

1 

1 

School  Postgraduate 

J90 

1 

1 

School  Supply  Corps 

J95 

1 

1 

School  War  College 

J99 

1 

1 

Communication  Training  Center 

LI 

11 

11 

Shipyards 

L7 

4 

4 

Laboratory  »  BuShips  (New  London;  Panama  City;  Cerderock; 
end  Annopoi i s  only) 

L26 

5 

5 

Navol  Facilities  —  BuShips  (Antigua;  Turks  Island;  Barbados; 

San  Salvador;  and  Eleuthero  only) 

L42 

2 

2 

Fleet  Activities  —  BuShips 

M27 

4 

4 

Supply  Center 

M28 

6 

6 

Supply  Oopot  (except  Guantanamo  Bay;  Subic  Bay;  and  Yakasuka) 

M61 

2 

2 

Aviation  Supply  Office 

N1 

6 

18 

BuDocks  Director,  Overseas  Division 

N  2 

9 

27 

Public  Works  Offices 

N5 

3 

9 

Construction  Battalion  Center 

N6 

5 

5 

Construction  Off*  cer-m-Chargs 

N7 

1 

l 

Construction  Re  si  dent*Off  :cer-r«- Charge 

N9 

6 

12 

Public  Works  Carter 

N14 

1 

l 

Housing  Activity 

R9 

2 

2 

Recruit  Depots 

RIO 

2 

2 

Supply  Instel  lotions  (Albany  end  Bar  stow  only) 

R20 

1 

l 

Manna  Carps  Schools  (Quantico) 

R64 

3 

3 

Merino  Corps  Bose 

R66 

1 

1 

Marine  Corps  Camp  Detachment  (Tengan  only) 

WlAl 

6 

6 

Air  Station 

WU2 

35 

35 

Air  Station 

*18 

8 

8 

Air  Station  Ausiliory 
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DISTRIBUTION  LIST 


SNDL 

Cod* 


23A 

39  B 

39D 

39E 

39F 

A2A 

A3 

AS 

B3 

E4 

E5 

El* 

F9 

F17 

F41 

F42 

F4S 

F*1 

F77 

F8I 

H3 

HA 

Jl 

J3 
J 19 
J34 


No.  of 

Activities 

1 

2 

S 

3 

1 

1 

2 

5 
2 
1 
\ 

\ 

7 

6 

1 

1 

1 

2 

} 

2 

7 

1 

2 

I 

1 

I 


Totol 

Copies 

10  Chief,  Bureou  of  Yards  and  Docks  (Coda  42) 

1  Naval  Forces  Commanders  (Taiwan  only) 

2  Construction  Battalions 

5  Mobil*  Construction  Battalions 

3  Amphibious  Construction  Battalions 

2  Construction  Battalion  Bos*  Units 

!  Chief  of  Naval  Research  •  Only 

2  Chief  of  Naval  Operation  (OP-07,  OP-04) 

5  Bureaus 

2  Colleges 

2  Laboratory  ONR  (Washington,  D-  C.  only) 

1  Research  Office  ONR  (Pasodena  only) 

1  Training  Device  Center 

7  Station  -  CNO  (Bostm.  Key  West;  Son  Juan;  Long  Beach; 

Son  Diego;  Treasure  Islond;  and  Rodmon,  C.  Z.  only) 

6  Communication  Station  (San  Juon,  San  Francisco;  Pearl  Harbor; 
Adak,  Alaska;  and  Guam  only) 

1  Security  Station 

1  Radio  Stotion  (Oso  and  Cheltenham  only) 

1  Security  Group  Activities  (W..;t*r  Harbor  only) 

2  Novel  Support  Activities  (London  and  Naples  only) 

1  Submarine  Base  (Groton,  Conn,  only) 

2  Amphibious  Boses 

7  Hospital  (Chelsea,  St.  Albans,  Portsmouth,  Vo.,  Beoufart; 

Great  Lakes;  San  Diego,  and  Camp  Pendleton  only) 

1  Medical  Center 

2  Administration  Command  and  Unit  -  BuPers  (G.?at  Lakes  end 
Son  Diego  only) 

1  U  S.  Fleet  Anti-Air  Warfare  Troining  Center  (Virginia  Beach  only) 

I  Receiving  Stotion  (Brooklyn  only) 

I  Station  -  BuPers  (Washington,  D.  C-  only) 
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Totol 

Copies 

3 


DISTRIBUTION  LIST  (Cont’d) 


SNDL 
Cod* 

W1C 
W1E 
W1H 

1  1 

1  1 

t  1 

t  1 

I  1 

I  1 

1  1 

1  3 

1  1 

1  1 

1  1 

1  2 

1  20 

1  2 

I  2 

1  1 

I  1 


No.  of 
Activities 

3 

6  6 

9  9 


Air  Facility  (Phoenix,  Naha;  end  Naples  only) 

Marine  Corps  Air  Station  (except  Quontico) 

Station  -  BuWeps  (except  Roto) 

Deputy  Chief  of  Staff,  Research  ond  Development,  Headquarters. 
U.  S.  Marine  Carps,  Washington,  D-  C. 

President,  Marine  Corps  Equipment  Board,  Marine  Corps  School, 
Quontico,  Va. 

Chief  of  Staff,  U.  S.  Army,  Chief  of  Research  ond  Development, 
Deportment  of  the  Army,  Washington,  D  C 

Office  of  the  Chief  of  Engineers,  Assistant  Chief  of  Engineering 
for  Civil  Works,  Deportment  of  the  Army,  Washington,  D.  C. 

Chief  of  Engineers,  Department  of  the  Army,  Washington,  D.  C  , 
Attn:  Engineering  Research  ond  Development  Division 

Chief  of  Engineers,  Department  of  the  Army,  Washington,  D.  C., 
Attn:  ENGCW-OE 

Director,  U.  S.  Army  Engineer  Reseorch  and  Development 
Laboratories,  Fort  Belvoir,  Va.,  Attn;  Information  Resources 
Branch 

Headquarters,  U.  S.  Air  Force,  Directorate  of  Civil  Engineering, 
Washington,  D.  C. ,  Attn:  AF0CE*ES 

Commondmg  Officer,  U.  S.  Novol  Construction  Bottalion  Center, 
Port  Hueneme,  Col  if . ,  Attn:  Materiel  Dept.,  Code  140 

Deputy  Chief  of  Stoff,  Development,  Director  of  Research  and 
Development,  Deportment  of  the  Air  Force,  Washington,  D.  C- 

Director,  National  Bureau  of  Stondords,  Deportment  of  Commerce. 
Connecticut  Avenue,  Washington,  D.  C. 

Office  of  the  Director,  U.  S.  Coost  and  Geodetic  Survey, 
Washington,  D.  C. 

Defense  Documentation  Center.  Building  5,  Come'on  Station, 
Alexandria,  Vo. 

Director  of  Defense  Reseorch  ond  Engineering,  Deportment  of 
Defense,  Washington,  D.  C. 

Director,  Bureau  of  Reclamation,  Washington,  D-  C- 

Facilities  Officer,  Code  108,  Office  of  Novol  Reseorei. 
Washington,  D.  C 

Federol  Aviation  Agent  y.  Office  of  Management  Services 
Administrative  Services  Division  Washington,  D  C  , 

Attn  L  ib'^'y  B'Onch 


No.  of 
Activities 


Total 

Copies 

2 


DISTRIBUTION  LIST  (Cant'd) 


I 


C  or  .monde  r  Naval  Boa  eh  Geo  up  Two,  U.  S.  Naval  Amphibious  Boso,  Littla  Crook, 
Norfolk,  Vo. 

1  Commander,  Pacific  Missile  Range,  Technical  Documentation  Section,  P.  0. 

Bob  10,  Pair  Mwgu,  Calif.,  Attn.  Code  4332 

2  U-  S.  Army  Engineer  Research  and  Development  Laboratories,  Attn:  STINFO 
Branch,  Fort  Balvoir,  Va. 

1  Systems  engineering  Group,  Deputy  for  Systems  Engineering,  Direct# rota  of 
Technical  Publications  end  Specifications,  Wnght-Pettersen  AFS,  Ohio 

2  Library  of  Congress,  Washington,  D.  C. 

)  Director,  Office  of  Technical  Services,  Deportment  of  Commerce,  Washington.  D  C. 

Commending  Officer,  12th  Coast  Guard  District,  Sen  Francisco,  Calif. 

Mr.  Williard  M.  Lowell,  Office  of  Engineering,  Testing  end  Development  Division. 

U.  S.  Coast  Guard,  Washington,  D.  C. 

Mr.  W.  H.  McGrow,  Director,  Maintenance  end  Control  Division,  PWO.  U.  S.  Novol 
Station,  Long  Beach,  Calif. 

Mr.  E.  M.  MecCutcheon,  Chief,  Office  of  Research  end  Developmem, 

U.  S.  Maritime  Administration,  Washington,  D.  C. 

Mr.  G-  F.  Ferguson.  Manager.  Maintenance  Engineering  Branch,  DP  WO  1N0, 

Navy  Building,  dT5  Summer  Street,  Boston.  Mess. 

Mr  F.  L.  deBoer,  Drydocks- Floating  Equipment- Waterfront,  Maintenance 
Engineering  Branch,  DPWO.  14ND.  Pearl  Harbor.  Howe.. 

Mr.  R.  H.  Gifford,  Code  D250,  Southwest  Division,  Bureau  of  Yards  and  Docks, 

Son  Dago,  Calif. 

Mr.  R.  J.  Champagne.  D.v.sion  of  Ship  Custody.  Maritime  Adm.n.stret.on, 

G.  A.  0-  Bu  dins,  WcthiftQto^,  D,  C 

Mr  F.  Norwood,  Met.n.1.  Activity  (»JU).  0ff.ee  .1  Sh.p  Construction. 

Merit. me  Admmis.. ot.en,  G.  A.  0.  Building.  Washington.  0.  C- 

Mr.  S.  Sirotte,  Cede  73C,  Bu.eou  of  Yards  end  Decks.  Department  of  the  Navy, 

Washington,  0.  C. 

Mr.  V.  E  Cook.  Code  C-320,  Bureau  of  Yards  *»d  Docks,  Department  of  the 
Novy,  Washington,  0.  C 

Mr  B.  General.  Code  E  2346.  Bureau  of  Yard,  end  Docks.  Depertms  t  of  the 
Na»y,  Washington,  D.  C. 

Mr  A.  J.  Dell  Msele,  Code  E-230B.  Bureau  of  Yards  end  Decks.  Deportment 
ef  the  Navy,  Washington,  D  C- 
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DISTRIBUTION  LIST  (Corn'd) 


No.  of 

Ac  ti  v  i » i  •  t 

Totol 

Cop*** 

\ 

2 

Commander  Naval  Beoch  Group  Two,  U.  S.  Novel  Amphibious  Bose,  Little  Creek, 
Norfo'k,  Vo. 

1 

1 

Commondsr,  Pacific  Missile  Range,  Technical  Documentation  Section,  P.  0, 

Bo*  10,  Point  Mugu.  Coi  f.,  Attn.  Code  4332 

1 

2 

U.  S  Army  Engineer  Research  and  Development  Laboratories,  Attn:  STINFO 
Branch,  Fort  Belvoir,  Vo. 

1 

1 

Systems  Engineering  Group,  Deputy  for  Systems  Engineering,  Directorate  of 

Technical  Publications  and  Specifications,  Wnght-Patterson  AFEi,  Ohio 

1 

2 

Library  of  Congress,  Washington,  D.  C. 

1 

10 

Director,  Office  of  Techmcol  Services,  Department  of  Commerce,  Washington,  D.  C 

1 

1 

Commanding  Officer,  12th  Coast  Guard  Distr.ct,  San  Fronosco,  Caiif. 

t 

1 

Mr.  Williard  M.  Lowall,  Office  of  Engineering  Testing  and  Development  Divis  -in, 

U.  S.  Coast  Guard,  Washington,  D.  C. 

1 

1 

Mr.  W.  H.  McGraw,  Director,  Maintenance  ond  Control  Division,  PWO,  U.  S.  No.o. 

Station,  Long  Beach,  Calif. 

l 

1 

Mr.  E.  M.  MacCuti  heon,  Chief,  Office  of  Research  ond  Development, 

U.  S.  Maritime  Adn ir  i strat ion,  Washington,  D.  C. 

1 

1 

Mr.  G.  F.  Ferguson,  Monager,  Maintenance  Engineering  Branch,  DPWO,  1ND, 

Navy  Buildirg,  495  Summer  Street,  Boston,  Moss. 

\ 

1 

Mr.  F.  L.  deBoer,  Drydocks- F loot ing  E qui pment- Waterfront,  Maintenance 

Engineering  Branch.  DPWO,  UND,  Pearl  Harbor,  Hawaii 

1 

1 

Mr.  R.  H.  Gifford,  Code  D  250,  Southwest  Division,  Bureou  ot  Yards  and  Docks, 
ton  Diego,  Cal'* 

1 

1 

n  v.  Champagne,  Division  of  Ship  Custody,  Maritime  Administration, 

G  A.  0.  Building,  Washington,  D.  C. 

1 

l 

Mr  F  Hazelwood,  Materials  Activity  (831.1),  Office  of  Ship  Construction, 

Maritime  Administration,  G.  A.  0.  Building,  Washington,  D.  C. 

1 

1 

Mr.  S.  Sirotta,  Cod®  73C,  Bureau  of  Yards  .id  Docks,  Department  of  the  Navy, 
Woshmgton,  D.  C 

1 

1 

Mr.  V.  E.  Cook ,  Code  C-320,  Bureau  of  Yards  and  Docks,  Department  of  the 

Navy,  Washington.  D.  C. 

1 

1 

Mr  B  General,  Code  E  236B,  Bureau  of  Yards  ond  Docks,  Department  of  the 

Navy,  Washington,  D.  C. 

1 

1 

Mr  A  J  Dell  *l?olo,  Code  E  230B,  Bureou  of  Yords  ond  Docks,  Deportment 
of  the  Navy,  Washington,  D.  C. 
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DISTRIBUTION  LIST  <Cont'd> 


No.  of 
Activities 

1 

1 

1 

1 


1 


T  otal 
Copies 

1 

1 

1 

1 

1 


Mr.  E  J.  Kiefer,  Engineering  Divinon,  PWO,  U  S.  Movol  Station  Sen  Diego, 

Calif. 

Mr.  B.  K.  Middleton,  Code  425,  PWO,  Puget  Sound  Naval  Shipyc'd.  Bremerton, 

Wosh . 

Mr.  A.  p.  Lolly,  Momtenonee  Rrnnch,  DPWO,  12ND,  Son  B'jno,  Col  if. 

Public  Works  Officer,  U.  S.  Navol  Stotion,  Key  West,  Florido 

Mr,  Edward  R.  Stoopes,  Bureau  of  Yards  ond  Docks,  Northwest  &  Aloskan  Division, 
1638  W.  L  owton  Woy,  Seattle,  Wash. 
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BuDocks 


u  ABSTRAC’ 


This  is  the  fifth  of  a  sei  es  of  reports  on  the  protection  of  mooring  buoys.  Fourteen  test 
buoys  were  given  their  fourth  rating  for  ex*snt  of  coating  deterioration,  corrosion  of  steei,  and 
fouiing.  Another  buoy  was  so  deteriorated  it  was  removed  from  test.  Fxposure  periods  vary 
for  the  buoys.  The  coating  systems  on  eight  of  the  buoys  were  in  good  condition  and  six 
showed  varying  degrees  of  moderate  deterioration.  Two  sets  of  thirteen  test  panels  coated 
with  the  systems  used  on  the  buoys  were  rated  for  the  third  time  after  18  months  exposure, 
and  results  showed  a  general  correlation,  Environmental  corrosion  is  supplemented  by  abrasion 
ot  buoys  by  mooring  naval  vessels,  inree  of  the  buoys  were  cathodically  protected  with 
a  sacrificial  magnesium  anode,  a  control  head,  and  a  zinc  anode,  united  directly  to  the  ground 
cable,  was  substituted  for  the  magnesium  and  potentials  were  increased  to  the  desired  magnitude. 
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